Abstract -This paper presents the design of a fully diode junction) is formed by a junction between a metal and a differential sigma-delta temperature sensor using Schottky lightly doped semiconductor. The semiconductor may be diode-based current references as a replacement for the either n-or p-type, but n-type silicon is generally used. The traditional PN junction diode-based current references. This diode behavior is due to a barrier that is formed at the sensor was designed using the AMI 0.5um process through the junction due to a difference in the metal and semiconductor MOSIS fabrication organization [l], and the chip performance work functions. In general, the height of this barrier is about will be evaluated and compared to the simulated results. The use 12 of the barrier height created by a p-n semiconductor of the Schottky diode and differential current sensing in the junction [7]. This built-in potential must be overcome in order sigma-delta-type sensor allows for lower voltage operation and to allow current to flow through (forward bias) the junction.
INTRODUCTION
most CMOS processes [6] , the design must allow for variation in the voltage characteristics of the Schottky diode. Thermal management circuits have been used for many years in In the design presented here, multiple combinations of systems such as air conditioners, heating systems, and automotive parallel Schottky diodes allow for easy adjustments to applications [2] . Today, on-chip temperature sensors are often compensate for the diode variation. Further discussion of integrated into microprocessors and memory chips (such as DRAM Schottky diode characteristics not found in this paper can be and Flash) to control the mode or speed of system operation based found in the referred literature [7] . on the system temperature [3] .
B. Current References
In most commonly-used integrated CMOS temperature sensors, Figure 1 shows a common example of a current reference one or more bias circuits that utilize a PNjunction dioe or a dioe-designed in a short-channel CMOS process using diodeconectct NP lpoar ranlLsorare usedL. ThiS Figure 1 . A banldgap referelnce circuit desigln [6] 978-l-4244-2343-9/O8/$25.OO (c) [5] . The authors characterized the Schottky diode in the same process used for this temperature sensor design (AMI 0.5um process through the MOSIS organization). As a starting point, the SPICE model parameters for the Schottky diodes derived in that paper were used in the design of this > temperature sensor.
In this work, Schottky diodes are used to build current references whose currents vary complementary to absolute 1/K* temperature (CTAT), and proportional to absolute D temperature (PTAT). A schematic of a CTAT current reference is shown in Fig. 2 . This current reference uses the voltage drop across the Figure 3 . A PTAT current reference using the forward bias voltage of a forward-biased Schottky diode (Vd) to set the current flowing Schottky diode to set the voltage across a reference resistor and K Schottky through the resistor in the other leg of the reference circuit. diodes in parallel.
Since the diode voltage (Vd) has a moderately negative
The equation for the current in this reference was also temperature coefficient (between -1.5mV and -2.OmVPC) and derived in [6] , and is shown below for reference (nkT q is the the resistor has a positive temperature coefficient (increasing diode thermal voltage) resistance with increasing temperature), the current through the resistor will have a negative temperature coefficient (a nk*lnK * T (2) CTAT current). (PTAT and CTAT). Other diode-based references can be A PTAT current can be produced by adding K parallel-used to produce CTAT and PTAT currents, but these connected diodes in series with the resistor to ground, as topologies were chosen for simplicity.
shown in Fig. 3 In this fully-differential topology, it is very important to VB 2 P C B T 10) accurately match all CTAT current sources to each other, as well as matching all of the PTAT sources. In a practical
If we plug equations 7-10 back into the equation 6, we circuit, these currents cannot be exactly matched. This can solve for ICMFB and get the following equations: mismatch causes common-mode voltage (VCM) drift, which For will affect the accuracy of the sense. VCM is defined as P1HI1=L Programming with metal, =ses, or some type of mode with a mismatch of -2% in both ICTAT and IPTAT. register when the sensor is integrated into a given application would be desirable to adjust the gain of the sensor (and thus A calibration point is chosen (-40C 978-l-4244-2343-9/0S/$25.00 (c)2008 IEEE
